Severe congenital neutropenia (CN) is a heterogeneous disease characterized by an absolute neutrophil count (ANC) below 500 cells per microliter and recurrent, life-threatening bacterial infections. Treatment with recombinant human granulocyte colony-stimulating factor (rhG-CSF) was shown to increase ANCs in the majority of patients and dramatically improves the quality of life. 1 In a previous study, we demonstrated major differences in responses to G-CSF and granulocyte macrophage CSF (GM-CSF) in patients with CN. 2 In the majority of these patients, GM-CSF failed to induce neutrophil granulocyte counts but did induce monocytosis and eosinophilia. 2 Many underlying genetic defects have been identified. Among them are mutations in the ELANE, HAX1, and G6PC3 genes and many others. 3 A recent study identified patients with biallelic loss-of-function CSF3R mutations who were considered to have a novel subtype of CN. 4 These patients did not respond to G-CSF therapy, and no treatment options were available for them. Heterozygous acquired mutations in the CSF3R gene were also reported in CN patients.
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In this study, we identified a CN patient who did not respond to G-CSF treatment. Three days after birth, the female patient was diagnosed with CN with blood ANC below 250 cells per microliter. White blood cell differential counts were as follows: 6% neutrophils, 7% monocytes, 4% eosinophils, and 83% lymphocytes. A bone marrow (BM) evaluation at 3 weeks of age revealed granulopoietic hypoplasia with reduction of all stages but no maturation arrest or increase in blasts. Erythropoiesis, lymphopoiesis, and megakaryopoiesis were normal. No antineutrophil antibodies were detected. Mutational screening revealed no mutations in ELANE, HAX1, or G6PC3. Cytogenetic evaluation revealed a normal karyotype.
Sequencing of the CSF3R gene showed 2 heterozygous mutations in this patient that revealed a compound heterozygous mode of inheritance of CSF3R mutations. In one allele intronic mutation, c.998-2A.T leads to the skipping of exon 9 and introduces an aberrant sequence downstream of exon 8 and a shift in the reading frame. In the second allele, we detected a stop-codon (p.W547*) mutation in the extracellular part of the G-CSF receptor (G-CSFR) ( Figure 1A ). The p.W547* mutation was inherited from the father and the c.998-2A.T mutation was inherited from the mother.
No expression of G-CSFR was detected on the patient's neutrophils or monocytes in contrast to blood cells from the healthy donors ( Figure 1B ). Granulocyte macrophage CSFR (GM-CSFR) expression on CD33
1 cells from the patient's BM was similar to that observed for BM cells from healthy donors. In addition, we plated the patient's BM mononuclear cells in a semisolid medium supplemented with 10 ng/mL G-CSF, 10 ng/mL GM-CSF, or a cytokine cocktail containing G-CSF, GM-CSF, interleukin-3, stem cell factor, and erythropoietin, and cultured them for 14 days. No granulocyte colony-forming unit (CFU-G), granulocyte macrophage CFU, or macrophage CFU colonies were found in plates supplemented with 10 ng/mL rhG-CSF. In sharp contrast, all types of colonies grew on plates containing either rhGM-CSF or the cytokine cocktail. G-CSF treatment of this patient was initiated at the age of 3 weeks, but ANCs failed to increase with doses up to 110 mg/kg per day. At the age of 7 months, treatment with GM-CSF (6 mg/kg per day) was initiated. In the first year of GM-CSF treatment, peripheral blood ANCs ranged from 860 to 3744 cells per microliter, enabling the GM-CSF dose to be reduced to 3 mg/kg per day twice a week ( Figure 1C ). To evaluate whether GM-CSF was still required to maintain sufficient ANCs, GM-CSF administration was stopped with prophylactic administration of oral antibiotics. Because of the development of otitis media, GM-CSF treatment was restarted at a dose of 3 mg/kg twice a week. This dose was sufficient to maintain the patient's ANC above 1000 cells per microliter and kept her free from infections. The patient has remained on GM-CSF treatment for the last 12 years without any adverse events.
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The authors declare no competing financial interests. After 7 months of G-CSF administration, the patient still failed to produce neutrophils in an amount sufficient to protect against recurrent bacterial infection. After GM-CSF administration, the patient's neutrophil count rose significantly to more than 1000 cells per microliter (range, 860-3744 cells per microliter), allowing the GM-CSF dose to be reduced to 3 mg/kg twice a week. After 6 months of successful treatment with GM-CSF, the patient was again prescribed G-CSF. Because G-CSF therapy produced no effect on neutrophil count, it was replaced with GM-CSF therapy (data not shown). 
